ABSTRACT. Emerging evidence suggests that a common functional polymorphism, rs4444903 (A>G), in the EGF gene might impact an individual's susceptibility to liver cancer; however, individually published results are inconclusive. This meta-analysis aimed to derive a more precise estimation of the relationship between the EGF rs4444903 polymorphism and liver cancer risk. A literature search was conducted in the PubMed, Embase, Web of Science, and CBM databases from inception through May 1st, 2013. Seven case-control studies were included with a total of 1408 liver cancer cases and 1343 healthy controls. Crude odds ratios (ORs) with 95% confidence intervals (CIs) were calculated. Our meta-analysis results indicated that the G variant of the rs4444903 polymorphism might be associated with an increased risk of liver cancer (G allele vs A allele: OR = 1.25, 95%CI = 1.01-1.56, P = 0.040; GG + AG vs AA: OR = 1.65, 95%CI = 1.27-2.15, P < 0.001; GG vs AA: OR = 1.77, 95%CI = 1.34-2.35, P < 0.001). Further subgroup analysis by ethnicity also showed significant EGF rs4444903 SNP and liver cancer risk associations between the G variant of the rs4444903 polymorphism and an increased risk of liver cancer among Asian, Caucasian, and African populations. No publication bias was detected in this meta-analysis. In conclusion, the current meta-analysis suggests that the G variant of the rs4444903 polymorphism may increase the risk of liver cancer. The EGF rs4444903 (A>G) polymorphism can be useful as a biomarker in predicting the development of liver cancer.
INTRODUCTION
Liver cancer is both the sixth most common cancer throughout the world and the third most common cause of cancer mortality (Kirk et al., 2006; Chuang et al., 2009) , and the global incidence of liver cancer is still increasing (Villanueva et al., 2012) . Several important risk factors have been demonstrated in liver cancer, including environmental risks and genetic factors. The risk factors established for liver cancer include hepatitis viruses (HBV and HCV), alcohol consumption, aflatoxin, iron overload, geographic distribution, and some inherited genes (Srivatanakul et al., 2004; Hussain et al., 2007; Altekruse et al., 2012) . A growing understanding on the molecular pathogenesis of liver cancer has demonstrated the association between genetic changes and liver cancer. Mutations in some genes have been shown to increase the risk of liver cancer, such as COX-2, LAPTM4B, ERCC1, p53, CYP2E1, and EGF (Kato et al., 2003; Kovar et al., 2009; Hu et al., 2010; Chen et al., 2011; He et al., 2011; Wang et al., 2012) .
The human EGF gene, encoding epidermal growth factor, is located on chromosome 4q25-q27 and has been reported to be associated with liver cancer susceptibility (Wu et al., 2009; Yotsumoto et al., 2009; Araujo et al., 2011; Daraei et al., 2012; de Mello et al., 2012) . Mutational and functional analyses support the idea that the most common polymorphism rs4444903 (A>G), located in the 5ꞌ untranslated region at position 61 in the EGF gene, might influence the expression level of EGF and was associated with the risk of liver cancer (Tanabe et al., 2008) . Most previous studies support the hypothesis that EGF gene mutations promote the development of liver cancer (Xu et al., 2010; Yang et al., 2012) . However, there are also some studies suggesting no association between EGF gene mutations and susceptibility to liver cancer (Qi et al., 2009) . In view of the conflicting results of previous studies and the insufficient statistical power of a single study, we performed a meta-analysis of all case-control studies to further evaluate the precise association between the EGF rs4444903 (A>G) polymorphism and liver cancer risk.
MATERIAL AND METHODS

Literature search
A comprehensive search for relevant studies was conducted in the PubMed, Embase, Web of Science, and CBM databases from inception through May 1st, 2013, using the following terms: ("Genetic polymorphism" or "polymorphism" or "SNP" or "gene mutation" or "ge-netic variants") and ("liver neoplasms" or "hepatic neoplasms" or "liver cancer" or "hepatic cancer" or "hepatocellular carcinoma" or "hepatocellular cancer") and ("epidermal growth factor" or "EGF" or "human epidermal growth factor"). There were no language restrictions. The references used in eligible articles or textbooks were also reviewed to find other potential studies. Any disagreements were resolved by discussions and consensus.
Inclusion and exclusion criteria
Studies included in our meta-analysis had to meet the following criteria: 1) casecontrol studies focused on the association between the EGF rs4444903 (A>G) polymorphism and liver cancer susceptibility; 2) all patients with the diagnosis of hepatic cancer should be confirmed by pathological examinations; 3) the genotype distribution of the controls should conform to Hardy-Weinberg equilibrium (HWE); 4) published data about the allele and genotype frequencies of SNPs must be sufficient. Studies were excluded when they were: 1) not a case-control study; 2) duplicate publications of data from the same study; 3) based on incomplete data; 4) deviated from HWE in the genotype frequencies of the controls; 5) metaanalyses, letters, reviews, or editorial articles. If more than one study by the same author using the same case series was published, either the study with the largest sample size or the most recent publication was included.
Data extraction
Data from the studies published were extracted independently by two authors into a standardized form. For each study, the following characteristics and numbers were collected: the first author, year of publication, country, language, ethnicity of subjects, study design, number of subjects, source of cases and controls, detecting sample, genotyping method, allele and genotype frequencies, and evidence of HWE in controls. In cases of conflicting evaluations, disagreements on inconsistent data from the eligible studies were resolved through discussions and careful reexamination of the full text by the authors.
Quality assessment of studies included
Two authors independently assessed the quality of papers according to the modified STROBE quality scoring system (da . Forty assessment items related to quality appraisal were used in this meta-analysis with scores ranging from 0 to 40. On the basis of their scores, the studies included were classified into three levels: low quality (0-19), moderate quality (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) , and high quality (30-40), respectively. Disagreements on STROBE scores of the included studies were resolved through a comprehensive reassessment by the authors.
Statistical analysis
Crude odds ratios (ORs) with 95% confidence intervals (CIs) were calculated under five genetic models: allele model (G allele vs C allele), dominant model (GG + AG vs AA), recessive model (GG vs AA + AG), homozygous model (GG vs AA), and heterozygous model Genetics and Molecular Research 13 (4): 8066-8079 (2014) EGF rs4444903 SNP and liver cancer risk (GG vs AG) . Genotype frequencies of controls were tested for HWE using the χ 2 test for each study included in the meta-analysis. The statistical significance of the pooled OR was examined using the Z test. Between-study heterogeneity was estimated using Cochran's Qstatistic, whereas a P h < 0.05 was set to identify heterogeneity in the associations (Higgins and Thompson, 2002) . We also quantified the effects of heterogeneity using the I 2 test (ranges from 0 to 100%), which represents the proportion of inter-study variability that is contributed by heterogeneity rather than by chance (Zintzaras and Ioannidis, 2005) . When a significant Q-test (P < 0.05) or I 2 > 50% indicated heterogeneity among studies, the random effects model (DerSimonian Laird method) was conducted for meta-analysis. Otherwise, the fixed effects model (Mantel-Haenszel method) was used. To explore the potential sources of heterogeneity, subgroup analysis was performed by ethnicity, country, source of controls, language, and detection sample. Univariate and multivariate regression analyses were also performed to identify the contributions of different variables to the heterogeneity of the associations (Ioannidis et al., 2008) . Sensitivity analysis was performed by omitting each study in turn to assess the quality and consistency of the results. Begg's funnel plots and Egger's linear regression test were used to evaluate the publication bias (Peters et al., 2006) . Two-sided P < 0.05 was considered to be statistically significant. All calculations were performed using the STATA version 12.0 software (STATA Corporation; College Station, TX, USA).
RESULTS
Characteristics of studies included
In accordance with the inclusion criteria, seven case-control studies (Tanabe et al., 2008; Qi et al., 2008 Qi et al., , 2009 Wang, 2009; Li et al., 2010; Chen et al., 2011; Abbas et al., 2012) were included and 38 articles were excluded. The flow chart of the study selection process is shown in Figure 1 . The publication year of studies included ranged from 2008 to 2012. A total of 2751 subjects were involved in this meta-analysis, including 1408 liver cancer cases and 1343 healthy controls. All patients with the diagnosis of liver cancer were confirmed by pathological examinations. Three studies used population-based (community populations) controls, while the other four studies used hospital-based controls. Overall, five studies were conducted in Asian populations, one study in a Caucasian population, and the other study was in an African population. All studies extracted DNA from peripheral blood except for two (Tanabe et al., 2008; Li et al., 2010) . The classic polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method was performed in all studies. The HWE test was also conducted to evaluate the genotype distribution of the controls in all seven studies. The controls were found to be in HWE in all studies with respect to the polymorphisms selected (all P > 0.05). All quality scores of the studies included were higher than 20 (moderate-high quality). The characteristics and methodological quality of the studies included are summarized in Table 1 .
Meta-analysis results
A summary of the meta-analysis findings of the association between the EGF rs4444903 (A>G) polymorphism and liver cancer risk is provided in Table 2 . Heterogeneity was clearly present (P < 0.05), which might have resulted from differences in ethnicity, source of controls, and detection samples; therefore, a random effects model was conducted to pool these results. The meta-analysis results revealed that the G variant of the rs4444903 polymorphism was associated with an increased risk of liver cancer (G allele vs A allele: OR = 1.25, 95%CI = 1.01-1.56, P = 0.040; GG + AG vs AA: OR = 1.65, 95%CI = 1.27-2.15, P < 0.001; GG vs AA: OR = 1.77, 95%CI = 1.34-2.35, P < 0.001) (Figure 2) . Results from subgroup analysis by ethnicity indicated that the G variant of rs4444903 the polymorphism may be a risk factor for liver cancer susceptibility among Asians (GG + AG vs AA: OR = 1.42, 95%CI = 1.04-1.94, P = 0.026; GG vs AA: OR = 1.44, 95%CI = 1.05-1.99, P = 0.025) (Figure 3 ). Significant associations were also observed among Caucasians and Africans (all P < 0.05). In the subgroup analysis based on country, the G variant of the rs4444903 polymorphism showed significant associations with an increased risk of liver cancer in the China, USA, and Egypt subgroups under the dominant model (all P > 0.05). Further subgroup analyses by language, country, and detection sample indicated that the G variant of the rs4444903 polymorphism may increase susceptibility to liver cancer in most subgroups (as shown in Table 2 ). Although no statistically significant association was found in the population-based subgroup (all P > 0.05), this result might lack sufficient reliability owing to estimation error from the effect size. OR = odds ratios; 95%CI = 95% confidence interval; G = wild allele; A = mutant allele; GG = wild homozygote; GA = heterozygote; AA = mutant homozygote. Table 2 . Meta-analysis of the association between the EGF rs4444903 (A>G) polymorphism and liver cancer risk. 
Meta-regression and sensitivity analyses
Univariate and multivariate meta-regression analyses were used to explore possible sources of heterogeneity among studies. The results showed that ethnicity could be a major source of heterogeneity as shown in Table 3 . Sensitivity analysis was performed to assess the influence of each individual study on the pooled ORs by omitting individual studies consecutively. The results suggested that no individual study significantly affected the pooled OR of the association between the EGF rs4444903 (A>G) polymorphism and liver cancer risk under the allele and dominant models, indicating that our results are statistically robust (Figure 4) . SE = standard error; 95%CI = 95% confidence interval; UL = upper limit; LL = lower limit. 
Publication bias
Begg's funnel plot and Egger's linear regression test were performed to assess the publication biases of the studies included. The shapes of the funnel plots did not reveal any evidence of obvious asymmetry under the allele and dominant models ( Figure 5 ). The Egger test also did not display strong statistical evidence of publication bias (allele model: P = 0.476; dominant model: P = 0.716). 
DISCUSSION
Epidermal growth factor, encoded by EGF, is an important molecule that plays a key role not only in cellular signaling, but also in several other cellular processes (de Mello et al., 2012; Del Vecchio et al., 2012) . Epidermal growth factor can activate its high affinity cell surface receptor in certain signaling pathways, and has been implicated in the change of gene transcription, which can ultimately be attributed to the presence of tumors . Recently, multiple studies have reported that the overexpression of epidermal growth factor is likely associated with risk of tumorigenesis in several human cancers, such as non-small cell lung cancer, colorectal cancer, and liver cancer (Chen et al., 2011; Daraei et al., 2012; de Mello et al., 2012) . In addition, genetic evidence supports that functional polymorphisms induced by alternate splicing in the 5ꞌ untranslated region of the EGF gene affect serum epidermal growth factor levels (Qi et al., 2008; Tanabe et al., 2008; Wang, 2009 ). The human EGF gene, located on chromosome 4q25-q27, is known as a crucial gene involved in the stimulation of proliferation, differentiation, and tumorigenesis of epidermal and epithelial tissues (Zhong et al., 2012) . In recent years, numerous studies have suggested that the EGF rs4444903 polymorphism, an A-to-G mutation at position 61 of the 5ꞌ untranslated region, is associated with an increased risk of liver cancer (Qi et al., 2008; Abbas et al., 2012) . Many genetic studies have investigated the association between the EGF rs4444903 polymorphism and liver cancer risk, but the results remain controversial (Qi et al., 2009; Xu et al., 2010; Chen et al., 2011; Zhong et al., 2012) . This controversy could be explained by several factors, such as differences in study design, sample size, ethnicity, and source of controls, cancer types, and genotype methods.
To provide a comprehensive conclusion, we conducted the present meta-analysis of seven independent case-control studies, including 1408 liver cancer cases and 1343 healthy controls. The main results of this meta-analysis revealed that the G variant of the rs4444903 polymorphism was associated with an increased risk of liver cancer, indicating that the G variant may be a risk factor for liver cancer. Although the precise role of EGF gene mutations in liver carcinogenesis remains unclear, a plausible mechanism could be that mutations of the EGF gene might increase gene transcription after binding to its high-affinity cell surface receptor, which eventually causes overexpression of epidermal growth factor, thereby contributing to increased susceptibility to liver cancer. Since significant heterogeneity was observed, subgroup and meta-regression analyses were performed to explore potential sources of heterogeneity. Further subgroup analyses showed that the EGF rs4444903 (A>G) polymorphism was associated with an increased risk of liver cancer in most subgroups, indicating that ethnicity, country, source of controls, language, and detection sample were not major sources of heterogeneity. However, meta-regression analyses indicated that ethnicity may be a major source of heterogeneity. These disparate results may be due to the small sample size resulting in substantial estimation errors. Our findings are consistent with those of previous studies suggesting that the EGF rs4444903 (A>G) polymorphism may be associated with increased risk of liver cancer and may be useful biomarkers for predicting an individual's susceptibility to liver cancer.
Some limitations of this meta-analysis should be acknowledged. First, there were only seven articles included in the present meta-analysis; therefore, the sample size was relatively small and may not provide sufficient statistical power to estimate the correlation between the EGF rs4444903 (A>G) polymorphism and susceptibility to liver cancer. Therefore, more studies with larger sample size are needed to accurately provide a more representative statistical analysis. Second, as a type of a retrospective study, meta-analysis may encounter recall or selection bias, which could influence the reliability of our study results. Third, our lack of access to the original data from the studies limited further evaluations of the potential interactions between other factors and susceptibility to liver cancer, such as gene-environment and gene-gene interactions.
In summary, our meta-analysis indicated that the G variant of the rs4444903 polymorphism may increase the risk of liver cancer. The EGF rs4444903 (A>G) polymorphism can be useful as a biomarker in predicting the development of liver cancer. Based on the limitations mentioned above, more detailed studies are needed to confirm our findings. Further studies are warranted to validate the association between EGF gene polymorphisms with other gene polymorphisms and liver cancer risk.
